The zinc and copper contents of some plant and animal foods commonly available in Sri Lanka were determined. The bioavailability of zinc in plant foods was assessed by determining their phytate content. The food samples in their raw, uncooked state were subjected t o wet digestion and the respective concentranons of zinc and copper were measured by atomic absorption spectroscopy. The phytate phosphorus content of plant foods was determined by the method of Oberleas. The zinc content of foods was higher than that of copper. Fish and Ox liver were the richest sources of zinc and copper. All animal foods studied could make a 'significant contribution t o the supply of zinc in the diet. Of the plant foods analysed, pulses were good sources of both nutrients, while cereals and starchy roots contained moderate amounts. However, both pulses and cereals had phytate to zinc molar ratios exceeding 12, thus decreasing the bioavailability of zinc in these foods. Green leafy vegetables and legumes had higher amounts of copper and bio-availablezinc compared t o other vegetables and fruits.
Zinc and copper are two of the most metabolically active and intensively investigated trace metal nutrients. The established biochemical role of zinc is as a component of many metalloenzyme systems, including some enzymes which play a central role in nucleic acid metabolism. In addition, zinc is now known t o be a membrane stabiliser and a stimulator of the immune response.' Deficiency of zinc leads to many clinical manifestations including impaired growth and sexual mat~ration!~Copper is also a component of many important enzyme systems, such as cytochrome oxidase, lysyl oxidase arM ceruloplasrnin, a n iron-oxidising enzyme in b10od.~ The observation of anaemia in copper deficiency may probably be related to its role in facilitating iron absorption and in the incorporation of iron into haemoglobin.3
Deficiency of these two elements may arise either as a result of decreased dietary intake or as a result of decreased availability from foods, especially in zinc, where the bio-availability may be decreased by the presence of a large amount of phytate.ll Therefore, it is important to identify good dietary sources of zinc and copper.
Knowledge of' the' trace element content of foods is very limited. The data available at present is based on analysis carried out on Indian foods7 and a preliminary study by Atukorala et. aL2 In the present study, the zinc and copper content of some common foods has been determined and the bio-availability of zinc in foods assessed by determining phytate content 2. Materials and Methods
Materials
Plant and animal foods (as purchased) in their raw, uncooked state were used. The food samples were purchased in Colombo and four different samples of each item of food were collected at random and analysed and the mean + SEM taken. The food samples were washed thoroughly with glass distilled water and dried well with filter paper. The specimens for replicate estimations were taken from different parts of each food. Each'food sample was analysed in quadruplicate, for the estimation of zinc and copper and in duplicate for the determination of phytate.
The variation of zinc and copper content of plants with environmental conditions, specially, soil conditions, was evaluated by determining the content of these elements in 2 varieties of green leafy vegetables (Centella asiatica -"Gotukola" and Alternanthera sessilis -"Mukunuwenna") collected from 5 different areas of Sri Lanka. There was no statistically significant difference in the values obtained from the 5 areas.
All glassware used was soaked overnight in dilute hydrochloric acid, washed thoroughly with glass distilled water and dried prior to use. Analytical grade reagents (BDH) were used in all experiments.
Methods

Estimation of zinc and copper
The organic matrix of foods was destroyed by wet digestion.9 A weighed amount (0.2 -0.5 g) of food was digested by heating with a mixture of conc. nitric acid and 65% perchloric acid. The residue obtained was dissolved in 2M hydrochloric acid and the concentration of zinc and copper was determined by atomic absorption spectrometry.
Zinc acetate dihydrate and copper sulphate pentahydrate were used to prepare standard solutions. The absorbance of working standard solutions was checked,with standard solutions for atomic absorption spectroscopy (Sigma). The standards and blanks were processed in the same manner as the 
Estimation o f phytate
The phytate content was determined by a direct phosphate methods8 'Hydrochloric acid (1.2%) containing 10% sodium sulphate was used for the extraction of phytic acid. Phytate phosphorus was hydrolysed by digesting with a mixture of concentrated sulphuric acid and perchloric acid (3:l). The digest was diluted and the phosphate content determined by the method of ~o m e r i .~
2.2.3
The moisture content of foods was determined using an Infra Red moisture meter.
Results and Discussion
The zinc and copper contents of some foods commonly available in Sri Lanka were determined and expressed on a wet weight basis. In general, the zinc content of almost all foods tended t o be higher than that observed for copper.
Of the animal foods analysed (Table I) , fish liver was the richest source of zinc, while ox liver was the richest source of copper. Beef muscle had a higher zinc content compared t o chicken or different varieties of fish, while chicken muscle and prawns had higher amounts of copper compared to other types of meat or fish. Eggs contained large amounts of both zinc and copper, while milk was a goad source of zinc. The edible portion without skin or shell was used for an.alysis.
. .
N.D. -not determined.
All animal foods studied couId make a significant contribution t o the supply of zinc in the diet. Moreover, the zinc in animal foods is more bio-available than in pIant foods owing t o absence of phytate in animal foods. Most animal foods were moderate sources of copper, except for milk, which contained only traces of this nutrient, - All varieties of rice were moderate sources of zinc and copper, with a noticeable decrease due to milling and polishing. (Table 2 ). Parboiling seemed to reduce the loss of nutrients during milling and polishing. A decrease in zinc content of rice with increase in degree of polishing has &so been reported in studies carried out in ~r i d i a .~ Rice flour had a higher content of zinc and copper compared t o 70% extraction wheat flour. Pulses were good sDurces of both zinc and copper (Table 2 ) and soya flour had higher amounts of both nutrients. In pulses too, the trace element content decreased with increase in milling and polishing. This is evident from studies on Mung and Mung dhal. Starchy roots had moderate amounts of both zinc and copper (Table 2) . Each value is the mean k SEM of 4 samples.
Dark green leafy vegetables were good sources of both zinc and copper with "Gotukola" (Centella asiatica) having the highest amount o f both nutrients (Table 3) . There was considerable variation in zinc and copper content among the other vegetables studied. Legumes had a higher content of zinc composed to the other vegetables. The lowest copper content was seen in cabbage.
These results are similar t'o the values reported on Indian foods.7 . - Fruits studied contained relatively small amounts of both zinc and copper (Table 4) , except for Avocado which had a moderately high zinc content. Coconut had a moderately high content of both zinc and copper.
It,has been shown that the bio-availability of zinc in plant foods may'be decreased by the presence of a large amount of phytate.
. The phytate phosphorus content of cereals and pulses was higher than that of the vegetables (Table 5) . Soya flour and cowpea had a higher content of phytin phosphorus compared to cereals and other pulses.
The possible importance of a given food as a source of zinc is determined by the molar ratio of phytate to zinc rather than by its absolute content of zinc. It has been suggested that molar ratios of phytate t o zinc of Our studies show that although zinc is present in significant amour ts in pulses and cereals, it may be less bio-available because of phytate to zinc molar ratios exceeding 12. Soya flour was the richest source of zinc among the plant foods analysed, but its bio-availability may be decreased by the high phytate to zinc molar ratio of 20.8. In contrast, green leafy vegetables and legumes 'which contained moderately high amount of zinc also had lower phytate t o zinc molar ratios and therefore represent an important source of zinc in a Sri Lankan diet.
